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INTRODUCTION TO WORK, FORCE, AND MOTION TRANSPARENC IES

CONTENT: This is one of a series of transparenitidbe €iences designed to aid teachers in gt
4-8. The visuals and supporting information carubed as a stand-alone curriculum or to illustrate
concepts introduced in textbooks and lectures. décriptions and images focus thre physic
principles involved in work, force, and motion. éfverheadprogress from the more basic princij

to increasingly complex concepts and theoriesichEpage of information corresponds to one o
overheads:

1. Kinetic energy and potentizi-anercen tho meshenical energizz-2f motion and pasitio

2. Friction and gravity on the.inflr e'ices tr 2s= t\ /0 forces have on thom of objects

3. Pressure and motioron the concepts of force per unit area and tbiam of objects

4. Newton'’s first law and orbitson inertia and the orbits of satellites

5. Newton’s seconc la' 7 and fli yhian th 2 princ:vies of aci 2lera ion a 1d fliok.(

6. Newton'’s third law and rocketsn opposing forces and their roles in rockets

7. Simple machineson basic devices and how they can make work reasie

8. Forms of energyon tl e voric us rr s ur energy

9. Energy transferson transfer_ of i.ect,machcnica., énd-2lec:3ne!gies

10. Inventions:on how physics principles have been used in itiwes

SOURCES: While some of the images were createdcedfy for this packet, most came from
internet. Almost all of the latter are in the pabdomain. For the others, permission was rece
from the photographer, artist, or agency. Credlgiven along with the picture itself, and the ints
addresses on the back pages list the locatiorfseafhtages and the information used in preparirg
packet. (Especially helpful were the websitesiffetent NASA agencies.)

USE: There < a cclleciion of im=gesion eecr Jeaeicy. Tis atrar gern2nt allovss (e ated topi
be conveniently grouped and allows costs to berma@d. (A simple way to dmay only a few of th
images at a time is to cover the other images wisheet of paper.) The descriptions are inteno
assist teachers in presenting information...This ne of the ten sets in the science transpa
series,—Animals, Astronomy, Elomy, Energy Resources, Geology, Human Body, M;
Oceanography, Weather, and Work, Force, and Motibhese and other offerings can be viewe
www.k8resources.com

Text: © 2008, Michael Berkowitz, k8resources, Sadaine



1. KINETIC ENERGY AND POTENTIAL ENERGY

K.E. = %2 x mass x (velocity) 2 Momentum= Mass X velocity

Tern; white-tailed deer; Blue Angels; comet fragments; crash; impact crater; wrecking ball; Newton’s cradle
Credits: Tim Bowman, USFWS; Steve Van Riper, USFWS; NPS; H. Weaver, M. Mutchler, Z. Levay, NASA, ESA; NHTSA, DOT; NASA-JPL; NPS; NASA

Potential Energy of Height = mass x g x height

Diving board; roller coaster; catapult; skiing; dam; falling drop
Credits: Rhianna Jackiw; Joseph Nonneman; NIST/SEMATECH e-Handbook of Statistical Methods; Microsoft PowerPoint Clip Art (3)



1. KINETIC ENERGY AND POTENTIAL ENERGY

Mechanical energy: Energy is the ability to do work, and it comewarious forms: chemical, electric
heat, light, nuclear, and mechanical. There acetjyes of mechanical energy—the energy an obgsct h
due to its motion (kinetic energy) and its storadrgy of position (potential energy).

Kinetic energy: Anything moving, from animals to vehicles to caméas kinetic energyThe energ
of a moving object depends on its mass and itsdspdée greater the mass an object tias, mor
energy of motion it will have. Thus a bowling bedlling across the floor has more energy thamait
ball moving at the same speed. A second facttirebject’s speed, (or more precisely its veleeittp
speed in a given direction). A bowling ball hasrenenergy when rolling quickly than whenllimg
slowly. Mathematically, the fermuiais (C.E. -:1/2 as<s x el)city ¢ quared.

Momentum: An object's momantim, ¢ endel.cy to kezg-intzigtis equal to itsnass times i
velocity. In a head-on collision, a heavier vedi@fhaving more mass and therefore more momeniuitin)
suffer less damage than a lighter one. If a vehisltraveling at a higher speed, it will cause n
damage than if had been traveling at a slower spéeanother inelastic collision, a meteorite feran
crater on impact...In elastic collisions, it is eas® see how momentum is conservethe sum of th
momentums of the coje.ts v ‘ed re nains the saiffee mome itun 00 a vowlingall is conserve
when part of its mon en um is trancferre d to thy, @ind part: wciaibed by t.c:all. In billiards and pi
part of the momentun o/ #hC cue bell (>+transiziethe nextball. The momeatum of the golf cluk
conserved when some tiansferred to the golf ball. When a faster bungae rams a slower one fr
behind, the combined momentum of the two is coreskmas the rear one moves more slowhile the
front one lurches forward. The momentum of a wiggkball demolishes a wall.The momentum
colliding steel balls in Newton’s cradle is consiwhen an equal number of balls exiie other en
The momentum of a conm et 1 ¢ NSe ve 1 In th 2 sut ae im xment 1m/i's p ars after its fragmentation.

Potential energy: In grav.tationcl po.er.izi-cnergy, a.1 c2jectsg.egi.es it energy thaiotentially ca
convert to energy of motion. The higher a divimg is, the greater the aiver’'s potential enesgyTihe
more water that reaches the lip of a waterfall, gheater its potential energy-or this stored energy
position, the formula is P. E. = ig* h, where “m” is the object’'s mass, “@8 a constant based upon
force of gravity, and “h” is the object’s height...idg elastic potential energy, a stretched springsess
pinball in motion; a withdrawn bowstring can pro@el arrow; a pulled back catapult can launtsh
projectile.

Transfer of energy: Potential energy can convert to kinetic energyt back again. The skier yield

height to speed down a slope. Water collectedngedidam cascades down pipes insideAtdrop o

water falls and forces out waves in rippl€2nce. work is done to raise a roller coaster thigs point, i

can careen cown, climb to the next high ociitt eatkan dowvn agair. A perdin kob’'s energy (

height will convert to kinetic energy during its isgg—powering it back up on the other sidehe bunge

jumper’s height changes to a rapid descent, onbetslowed down by the cable that, when stretchiy

powers the return to another height, only to fgéia.. When a pop-up leaves the bat, the bafls

kinetic energy thrusts the ball up until, at itsghe, it stalls. Its K. E. has been totally corteerto P. E.
there, which then reverts to K. E. as the ball coa@wvn.

Conservation of energy: The total energy of a system remains constamia perfectlyefficient desigr
the starting total mechanical energy (kinetic ghosentia) will be conserved even though it may che
form. In real life, however, some energy will lest to sound, heat, and friction.




2. FRICTION AND GRAVITY

Tire treads; Snow red cin 1 fricti \n heat frc m frictio 1; bearings; swear lining h mr.er and feather falling

Credits: Safecar, NHTSA; NASA; . 'ASA; GMN Bearing USA, Ltd; NASA; NASA

Galileo experiment; “floating” in space; Reduced Gravity plane; Earth in orbit; cannon projectile (3)
Credits: JSC, NASA; STS-41B Crew, NASA; NASA; Glenn Research Center, NASA; NASA Quest (3)



2. FRICTION AND GRAVITY

Friction: Friction is a force that slows down moving obgecin static or sliding friction, the irregulagas ir
the surfaces of dry objects rubbing together impadéon. On smoother surfaces such as glass, ea
Teflon, friction is lower; on rough surfaces (ratedtwa higher coefficient of friction), friction igreater
Friction is often advantageous: the resistancevdxt the soles of one’s shoes and the gralieavs fol
walking; the gripping of a tire on bare pavemenbwas for better starting, stopping and turningsngw
covering a runway reduces friction for airplaneeafts and landings.) Friction can be disadvantage®
well: Grinding of machine parts creates wastetsth noise and wear...A secotype of friction is fluic
friction—the force slowing an object in a gas @uid. Air resistance (or “drag”) slows moving otfe A
boat's motion is slowed in water; a plane is slovwgdhe air; a space vehicle slows upon reentny tht
Earth’s atmosphere. (While t'ies2 sleving actic s awc? | roble nauc, they can also be helpfly
passing in repeated orbits thicuah/a »lenet’s, i mezphre, ~Spacecraft can be slowmadugt
aerobraking, without needing fuelty fre itt. e ® n Tk 2 amo ntof Avid friction depends on dessity o
the fluid object’s speed, along with the surfacd sahape of the object.

Reducing friction: Static friction can be reduced...

by smoothing the surfaces—sanding or coating sesfatie wearing smooth of tires

by lubricating th2 suiiaces -oil'1g the Loundarynesti suifases, o [ =i uviects slide

by lubricating t' ie ¢ urfac :'s —meltil g of ico oy speka >~'=.b ades o << more easily

by using ball bc arir.as-~provia ' 1g ounder surfaddd apoim ~f eont ict

by creating an a.r cushion—reducing contact oharkey pucks or of hovercrafts

by streamlining—altering the shape to minimizes&sice
(In the absence of air particles, drag disappebrs vacuum albbjects drop at the same speed! This is
despite their weight and surfaces. When David tStropped a hammer and a feather while standindne
Moon, they both fell at the samnespead.

Gravity: Aristotle had as< serted tha. hcavier ol i2cts & ter_bui 5a ' eal¢ monstrated that was unt
when dropping unequal objects from the Tower of Pissaac Newton described gravity as the attra
between bodies. He noted that the greater theasadge stronger the attractidnt the greater the distat
between them, the lesser the attraction. He faatedlthe force of gravity gFon Earth as gF:Gmgmolrz,
where “G” is a gravitational constant, einthe Earth’s mass, “gnthe object's mass, and “the distanc
between the two. With his formula for the acceiera of an object (F=ma), one can solve far”
acceleration due to gravity: a=Gii. Since G and r are stable at the Earth’s surfaeeacceleration of
falling object (without drag) is 32 feet per secquad second. (At the end of one second, the olgédatling
at 32 feet per second, at the end of two secortisaféer three, 96...). Wind resistance (fluid fioct),
however, limits the rate of fall to an object’sntenal velocity.

Weight, weightlessne sz andioibitsiVeight is ‘a measuie of thergravitational derce ripomass. With
decreasing masscs, weight decreases; (a persugBuae-tne vicon will Be /€6 tnav-afhe miore massi
Earth). With increasing distances, weight decrgae space, one is weightless)Veightlessness can
simulated for twenty seconds in a rapidly fallingplane or when in orbit around the Eartffhe Eartl
orbits around the Sun because there is a balaneesde the Earth’s velogitand the gravitational pi
inward. The firing of a cannonball could theoralig demonstrate this principle: A normshiot will fall tc
Earth in a parabolic curve. With more firepowdre tpath would be elongated, as t@nonball trave
further before it succumbs to gravity. Hypothdticait could be propelled fast enoudh7,000 miles pt
hour) to match the rate of fall, and thus stayripito In this way communications satellites remaorbits
22,000 miles above the Earth.



3. PRESSURE AND MOTION
Force = Pressurp ~ Area | /ﬂ‘

\

Snowshoes; stilts; rescue sled; high pressure fire hose; geyser at Yosemite; Alaskan volcano
Credits: Microsoft PowerPoint Clip Art (2); Gordon Giesbrecht, University of Manitoba; Bureau of Land Management; George Marler, NPS; J. N. Williams,
ISS 13 Crew, NASA
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Go to k8resourices.com

Velocity = Distance + Time Acceleration e = Velocity + Time
Graphs of motion Source: Physics Classroom



3. PRESSURE AND MOTION

Pressure: Pressure, or force per unit area, is calculatediading force by area (P=F/A)The greate
the force, the greater the pressure is. The grdstarea, the smaller the force is.

Examples of pressure:

- Whether or not one punches through the surface wiadking on snow dependsgpon pressu
(not just force). Snowshoes spread out the grawital force exerted othe snow. Increasi
area reduces pressure. As one is less likelyntoisj walking is easier. (Conversely, tirey are:
of contact of stilts would concentrate the forceiiny area—making one sink in quickly.)
The same principle is arrlied to rescuing necnla /e fallen through thin iceA rescue sled
broad base allows the ~ombin:c we ¢ht ) s 2d,L & @and 2ndangered perdonbe spread ot
thus reducing the pressure r uicth 1 02,

The reach of a stream ot water from a fire hoseedep both on the force of the water b
pumped and the size of the nozzle. Reducing theles openingand thereby lowering the ar
will increase the pressure of the water streamtlnsl increase its reach.

Below Yellowstone National Park, where the Earttrsst is relatively thin, water is heated
magma (undergro=d melten rock). The rarticulg@mem=f gr..inderaround “plumbing” syst
allows the pre sstre of he cup 2r ieatea water td.bi it a cr tical |0 1t. e uptions resulersding
steam more tl an'one Fur drec fe 2t in the air.

Where one tectonic plate rides under another (satlmh), the pressure of heated magoza
cause a volcano to spew ash and/or lava (aboverdnomwlten rock).

Motion: Motion is the chnge of an object’s position. Speed, the rateaion, is the distance movec
a period of time, and it is.2aual *2.distanandhd by time. Thus.q car covaring 100 miles io tvours i
traveling 50 miles per hcur (1.0)/2). V :locity Ja@g 2s )0 h.the pred /f &1 object and its directidn
car may travel 50 miles | er hot - ecst 1or one yath /= -50) an 1 5C railes per howest for one hot
(with v=-50) returning to its original positionAcceleration occurs wheth re is a change in veloci
and there are three typedVhen a car speeds up, it undergoes a positieeleration (in the direction
travel). When a car @ls down, it undergoes a negative accelerationetaeceleration). When a
turns, it changes direction, also undergoing amlacation.

Graphs of motion: The motion of a walking person can be representgdaphs.
A person walking at a constant speed will move same distance frorthe starting point ea
second. Graph #1, distance vs. timkows the steadily increasing distance over eacbnsk
The straight line indicates a constant speed (8 gee second). Graph # 2, velocity vs. time,
shows a constant velocity (3 feet per second) angicaeleration.
A persor-waiiing forward, stoaping.-end reversifmzction cen migve away 0w veturn to,
pass-tie-staiting point. © The aitial steeper-ughwlope of Cragh-#23 naicates (he walker i
moving at 5 feet per second. For the next two secorel$irih is level, indicating that the per:
has stopped (no change in distance from the sgapiint). The downward slope over the |
three seconds indicates a velocity of -5 feet peosd, as the person walks bggplassing th
starting point when the line crosses the X-axi§raph #4 shows the initial steady rathe
intermediate pause, and the final reversed ragen@#gative number).
An accelerating walker increases the distance eaveach second. Graph #5’s curviogwarc
slope shows the increasing velocity. Graph #6 sntvatthe rate of increase is steady.
steady, upward slope shows a constant acceleration.




4. NEWTON'S FIRST LAW AND ORBITS

Pins at rest; ball in motion; ball striking pins; wall stops car in crash test; forces on a curveball
Credits: Microsoft PowerPoint Clip Art; alltooflat.com; MS Powerpoint Clip Art; BTS., DOT; NASA Glenn Educational Programs Office

Satellite’s orbit;
spacewalk;
gravity ass’st
painting;
gravity assist
diagrams

Credits: NASA
Explores; James
McDivitt, Gemini 4,
NASA; Dan Durda,
SwRI, APOD, NASA;
JPL, NASA (2)




4. NEWTON’'S FIRST LAW AND ORBITS

Newton’s First Law: Isaac Newton is most known for his pioneering kvan calculus and h
formulations of the laws of motion and planetarpits.  His first law of motion addressed inei
Bodies at rest stay at rest, and bodies in motomarin in motionnless a large enough force acts t
them).

Bodies at rest: Stationary objects will remain at rest until @a&frenough force acts upon then
Pins set up in a bowling alley will stay standingfiustruck ty a large enough force. A rolli
bowling ball will exert enough force to knock theg down, but a ping pong ball would nothe
greater the mass of the stationary object is, tbeemesistance it will have to being moved. 1
the greater inertia of a'L00-por.r.d by« w' requar 3r :ater ush to get it moving than pdaic
box.

Bodies in motion A moviig object has nertia alsdt nu force acted upon a body in motior
would continue moving at the same speed in a s$trdiige forever. When &rge enough forc
acts upon a moving body, its speed or its directayrboth) will change. A pitched baseball hi

a bat will change speed and direction abruptlymdving carcan speed up if more gas reache:
engine, or it car be stopped by a wall

Friction: The forc2s of ri:uon ar d gravity will natt gilmg 2de e n Hbjer t's motion. Friction,
resistance at he surfece ot =n object, will slawr a mcving ocdy.. Even though a smoott
surfaced bowlii:g alley will ease the motion of Hmviing ball,the ball would eventually come

a halt if the lane were long enough. A car cogstin a level surface will also stop, because c
friction between the tires and the road, the foictof its moving parts, and wind resistanck
curveball illustrates how a force can change aedily direction of motion The spin applied |
the pitcher causes ~ne sida.af tha kafhtve with thoair it trave!s through and one smenbve
against the air. The creater el istanc» o' C & x®hte: Ficher @ssure, thus exerting a fo
perpendicular to tt e direc tior. of :he pitc.)' T$ $e vays fcrze 2ause s the ball to curvEhig cat
be derived from the Bernoulli principle, which gsthat air moving iaster has lower pressure.)
Gravity.: The downward pull on objects affects their paihg dramatically changes their spee
The batted line drive will come down. The pop-will rise quickly at first, slow down, st
momentarily at the top of its arc, descend sloahd then descend more rapidly.

Orbits: _Smaller bodies may orbit around a larger one, agtanets around the Sun, the Moon art
the Earth, or a spaceship around the Earth. Aaogrtb Newton’'sFirst Law, the satellites wot
continue moving in a straight line were it not tbe downward pull of gravity. If the bodyfsrwarc
motion is balanced by itste of fall, it maintains the same height achigwanstable orbit. When view
from within an orbiting spaceship, the astronaufqgyening a space walk appears to be floating
straight line—meving ir paraliel wit™ the cafi I reality ooilme inoviag an a Civcu'er vath around
Earth.

Gravity assist flyby: The gravity assist flyby is a method used toigate spaceshipsMissions beyon
the inner solar system often use Jepfor a flyby. With precise aiming of its incongirdirection, th
resulting exiting direction orients the spacestowdrd its destination. The spaceshigpeed can |
increased as well. Were it not for Jupiter's moeemthrough space, the incomingesd would firs
increase and then decrease as it exited, retutairtg original rate. A small portion dupiter's angulz
momentum, however, is transferred to the spacesiitps helps propel the spaceship at a faster
than before—without requiring fuel.




5. NEWTON'S SECOND LAW AND FLIGHT

Pushing cart; pushing boulder; tug-of-war; moving house; tugboat towing barge; towing shuttle; golf
swing (3); pitch; hit

Credits: Microsoft PowerPoint ClipArt (3); NPS; Sean Linehan, NOAA, NGS; Tom Tschida, NASA; Microsoft PowerPoint ClipArt (5)

Bernoulli ball; lift; eagle in flight; forces of flight; geese in formation; jets in formation

Credits: Flandrau Science Center © 2006 Arizona; virtualskies.arc.nasa.gov; Donna Dewhurst, USFWS; US Centennial of Flight Commission;
NasaExplores; NasaExplores



5. NEWTON'S SECOND LAW AND FLIGHT

Newton’s Second Law: A strong enough force will move an object, anel thite of the object’acceleratio
depends on its mass.

Force: The force must be strong enough to overcome Ifexts inertia (its massgnd any resisting forc
(for example, friction or gravity). The greateetforce is, the greater the object’s acceleratidhbe. The
powerful engine of a race car will accelerate #téa than would an engine from a typical passeoger.|f
equal forces act in opposition, as in an equallichred game of tug-of-war, there will be no motion.

Mass: The greater the object’s mass, the less its aaten will be. Moving a house, towing a barge, .
taxiing a space shuttle can all ;e cone Hut dynrove sic vl ...Co versely, when a force is applied
small mass, large accelerations cacur’ As a ¢slfa ge ~<.iv er, the ciadhead can be movingeqrapidly
and therefore will apply a grea. forze/.o the i2&! ligh golfbe L. Tr 2 fliaht of the balbegins with a rap
acceleration, and will travel a long distance until gravity, wind is&nce, and friction bring it to a hi
Likewise, it is difficult to stop or change the elition a large massas with a loaded truck, a supertan
and the Titanic when trying to avert the iceberg.

Equations from Newto'i's secaond aw - ¢ =f/'m F=r a

The home run Many 'actcers zan inciv a<2.the ringe of a Hdtedd 1 T.e aster the pitch comes in,
faster the baseball will accelerate. 2. FastesWwangs, if accurate, propel the ball further. heavier ba
if it can be swung fast, gives added speed to #tle /. If contact is made at the bat’s “sweait5ga fewn
inches in from the end), less energy is lost. lBNMANumM bats can compress and rebound to powebdh
more effectively in a “trampoline effect.” 6. A Ib&it at a 35 degree angle gives the longest traje
through air. A 45 degree aig'e Hpward wouiG trdrnest icwirre £ ot for wind resistance. When the
bat undercuts the basebe Il _the -esuiir ;-Lack elrs ¢ ch cve mor: Hican &s(the differential presst
due to the Bernoulli effect will retard i*s ( ron)

Flight: The forward force of thrust and the upward fav€éft allow birds and planes to fly.

Lift: An upward force caused by a pressure differeneblesflight. By studying the flows of liquids a
gases, Daniel Bernoulli discovered a basic prirecgfl fluid dynamics: Faster moving air (or liquidsas
lower pressure. A Bernoulli ball can remain suspended becauseirgrisolumn of air both buoys the k
and offers a region of pressure lower than theosunaing air. The ball is thus kept aloft and iaqad.)..The
air travels faster over the curved upper portiommofairplaneving than the flatter lower portion. Thus
pressure over the wing is lower than that undeiThe difference in pressure causes an upward.foroes
upward force, or “lift,” is enhanced by speed, éetiurved airfoils, and an appropriategle of attack (of t
wing into th2 oncomii 9-a'r).

Four forces ot fligitt In crder for'aoird or a piaie torise, thet"inust se greatei wan its “weight” (1
downward force due to gravity). When the bird’sygvior the plane’s propeller pushes laack, there is
corresponding forward force called “thrust.” Irder for the bird or plane to move forward, the gtnnus
be greater than the “drag” (due to air resistamzEfaction).

Flight formation The typical V-shaped formation used by geese @ades in longlistance flying is &
efficient application of aerodynamic principlesherairflow off the wings of the birds in froptovides lif
for those behind. The trailing birds benefit frahe reduced drag and increased liRlanes flying m €
similar formation can save fuel and increase rampen benefiting from the reduced drag providedaby
plane in front.
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